Abstract. Generating knowledge to explain the dynamics and physicochemical characteristics of groundwater is essential to ensure its availability for different uses. Therefore, in this article we propose an integrated methodology that may help to define the flow patterns governing the movement of groundwater in a semiarid region of Mexico. The methodology incorporates hydrogeochemical characterization with the application of flow systems theory, the behaviour of arsenic and fluoride as indicators of the quality for human consumption and a correlation matrix to identify potential areas of recharge-discharge; these variables are grouped in Geographic Information Systems (GIS). The results explain how the movement of groundwater was influenced by the dissolution of silicates with the geochemical evolution of arsenic under two natural conditions; however, in one of these conditions, the mobility was facilitated by the presence of mining activities, whereas fluoride exhibited two situations, one natural and the other anthropogenic. Four hydrogeochemical facies were manifested in three flow patterns, with a potential recharge zone in the west of the study area, a discharge zone in the east and a mixture flowing to the northwest. We concluded that the proposed methodology represents a tool for facilitating understanding of the movement of groundwater.
Introduction
In recent years, worldwide accessibility to groundwater has declined while pollution has increased in such a manner that ensuring sustainable management requires research on the processes that determine the quantity and quality of groundwater systems, as well as the potential impacts of its use (Garfias et al., 2010) . In Mexico, the demand for groundwater has grown considerably; it comprises almost 40 % of Mexico´s water consumption (CONAGUA 2012). In the Mexican state of Zacatecas, where semi-arid conditions prevail, groundwater is the only permanent water source; consequently groundwater flow delineation and precise mapping of different flow patterns is important for management and planning for different uses. Groundwater follows a complex recharge-discharge system, and its analysis is often the cause of great APPLIED (Li et al., 2014) , the behaviour of groundwater can be affected by multiple natural factors, such as chemical reactions between water and soil or sediments, biochemical reactions, the interaction between surface water and groundwater, as well as human activities . In this context, hydrogeochemical studies were conceived as a tool to understand groundwater systems. Some of the most significant advances achieved in recent decades in this field are as follows: defining of mechanisms in chemical reactions through thermodynamic data evaluation; the improvement of analytical techniques for the measurement of a larger number of isotopes in small samples with low concentrations; and finally, the development of computational tools where numerical modelling techniques will undoubtedly provide better interpretations of systems and reactions in groundwater (Pierre and Plumer, 2012) . Various of water-rock interactions mainly regulate the chemical composition of groundwater in aquifers. Examples of this include the following: ion exchanges, redox reactions, dissolution, carbonate precipitation and organic matter degradation (Vandernbohode and Lebbe, 2012) . Groundwater chemical properties depend directly on different processes that occur in the subsoil (Kumar et al., 2011) . Furthermore, groundwater is influenced by anthropogenic activities developed within the watersheds overlying aquifers. Various hydrogeochemical studies have been performed to identify geochemical processes and their relationship to water quality in aquifers (Fehdi et al., 2009; Horst et al., 2011; Rasaouli and Seyed, 2011) . The characterization of groundwater quality in regional groundwater bodies is necessary to determine the potential for groundwater development as well as to predict and control possible regional changes in groundwater quality due to groundwater abstraction or other external influences, such as large-scale irrigation or civil engineering work. Groundwater use may lead to conflicts of interests, such as from sewage and industrial waste products disposal, or agricultural needs which are capable of altering groundwater quality, and monitoring groundwater is an on-going need (Jousma, 2006; Gbadebo et al.; . In this context, it is important to mention that the measurements of arsenic and fluoride become critical in the hydrochemical characterization of groundwater. The presence of total inorganic arsenic (As) and fluoride (F -) in groundwater has been observed frequently worldwide. A high concentration of As in water destine for human consumption usually causes health problems. Furthermore, the use of this water for irrigation could cause problems in crop production and in the food chain (Estrada-Capetillo et al., 2014). Although there are anthropogenic sources, such as the use of arsenical pesticides in agriculture and wood preservation, most large-scale groundwater occurrence have been documented as having geological origin. As from the reaction of oxidized of sulphide minerals in metasedimentary rocks, which have greater variability of arsenic, with averages and ranges somewhat higher than those of igneous and metamorphic rocks, mainly shale, with mean values of 28 ppm in alluvial basins quaternary results in high concentrations in large areas (Apelo and Heederik, 2006) . In the specific case of F -, adverse effects on human health from high F -concentrations have been revised by different researchers (Gómez et al., 2009 , Subba 2006 Husthesain et al., 2012) . The F -concentration values that are generally associated with regional flow systems are proportionate to the degree of water-rock interaction with fluorite (CaF 2 ) and with the residence times in aquifers (Sung, 2012) where the metamorphic rocks could have a fluorine concentration of 100 ppm (regional metamorphism) to more than 5000 ppm (contact metamorphism) and where the original minerals are enriched with fluorine through metasomatic processes ) . These parameters permit characterization of the groundwater flow systems in aquifers, since discharge areas generally tend to exhibit higher concentrations than those in recharge areas due to the residence time and prolonged contact of water with the geologic structure of aquifers (Garfias et To evaluate the groundwater quality and soil chemistry with an analysis of major and minor ions, and trace metals, multivariate methods have been used to understand hydrological factors such as aquifer boundaries, groundwater flow patterns and hydrochemical components (Uddamer et al., 2014; Kolsi et al., 2013) .
In the specific case of principal component analysis (PCA), valuable information about the most significant parameters, which describe the whole data set, consisting of a large number of inter-related variables, are provided, thereby rendering data reduction with minimum loss of original information (Marghade et al., 2015) .
The specific objectives in this paper were to identify flow patterns with the definition of hydrochemical facies and with the use of statistical techniques, to evaluate the geochemical evolution of As and F -, to verify the quality according to the norms of the World Health Organization (WHO) and recognize the potential recharge zone with the use of GIS, which combines maps of physicochemical parameters concentrations (generated with the use of geostatistics).
Materials and methods

Study Area (SA)
The National Water Commission (CONAGUA) took several factors into consideration (geopolitical boundaries, areas with high a volume of wells, and hydrological basins among others) to define 653 groundwater management units across the country, called Administrative Aquifer (AA). Thirty-four AA were proposed in the state of Zacatecas. Two of them are the Benito Juarez Aquifer (BJA) and the Calera Aquifer (CA), which are located in the central-southern region where crop irrigation and rain-fed agriculture are the main economic activities; they are only aquifer with a http://www. Additional significance includes the fact that 50 % of the total drinking water that is supplied to Calera, Morelos, and Zacatecas-Guadalupe metropolitan area comes from these two AAs. Although several groundwater quality studies have been performed in the last twenty years, the delineation of groundwater flow patterns remains unknown. Administrative regulation constrains additional water extraction to the actual total volume (23x106 m 3 /year) and water use change from irrigation to human consumption should be taken into consideration.
This area is considered semiarid, and the annual rainfall average is less than the maximum potential annual evaporation. These regions are characterized by a scarcity of water, with highly erratic of rainfall distribution and a few torrential events. In this specific case, there is intensive agricultural activity, which depends on the extraction of groundwater. Commerce in the form of animal breeding is a complementary occupation in the Zacatecas-Guadalupe metropolitan area. On the other hand, in the last 30 years mining activity has gained strength and has begun to have an important influence on groundwater quality. With regards to industrial activity, there are only a few companies; however, two of http://www.aloki. (Fig 2) .
Figure 2. Habitats and surrounding
The plant species that predominate include desert scrub microphyll, which is distributed from 2050 to 2540 meters, of predominately "mesquite" and "opuntia" (prickly pear), among others. In the Sierra de Zacatecas we also identified characteristics specific to these elevations such as the presence of chamomile and cedar, which species occupy very small areas, indicating that these species are about to disappear. Natural grassland occupies nearly of 38 % of the SA, dominated by a grass species called "zacaton" which is associated with thorn scrub. The agriculturally introduced vegetation (irrigated and rainfed) occupies approximately 50 % of the SA and includes crops such as beans, peppers, fodder and vegetables.
The presence of different vegetative species is determined mainly by the type of climate, temperature and rainfall; these two factors cause a dry weather period during the initial months of the year and another that can be considered humid in the months of June, July, August and September, when the rainfed agriculture occurs; irrigated agriculture begins in the months of March-April and may not end until October (INIFAP 2015) (Fig 3) . http 
Geology and hydrogeology
In the basin, two types of aquifers are recognized; one of them consists of limestone, conglomerates, and piedmont deposits, which results in poor groundwater movement; the other aquifer consists of filling materials deposited in the valley, which is more extensive and possesses greater potential for production wells under good transitivity. The SA is heterogeneously contained in the Basin Fill Sediments and the Tertiary Fractured Volcanic sediments, it is hydraulically continuous between the ABJ and AC, groundwater flows takes place from south to north, and the depth of the water table is from 40 to 135 m below the surface. The central part is formed by permeable Basin Fill Sediments (hydraulic conductivity ranging from 10-4-10-5 m/s); hydraulic properties for Tertiary Fractured Volcanic units are unknown. Groundwater is in unconfined conditions, and the wells (90-250 m deep) have been identified mainly tapping the Basin Fill Sediments; the use of groundwater for irrigation is 68 % and human consumption is 32 % of the total extraction. Metamorphic rocks covering this system form the oldest unit; there is a sequence of sedimentary rocks and volcanic rocks interbedded. The principal geological features are shown based on a Mexican Geological Survey -SGM- (Fig 4) .
The Calera horst-graven structure developed over a long stage during the Late Tertiary and Early Quaternary; the normal faults have three main trends: i) North-South; ii) Northwest-Southeast; and iii) Northeast-Southwest. They led the uplift of peripheral Tertiary volcanic mountains, central area settlements, and the deposition of basin fill sediments (alluvial material interbedded with tuffs) with a maximum thickness of 400 http://www. Erosion from the mountains led to substantial transportation of clastic material into the basin, thick alluvial and Aeolian deposits led to Basin Fill Sediments, and the base layer is represented by a Chilitos Formation (Upper Jurassic, metabasaltic and metandesitic pillow lava flows, and volcano-sedimentary deposits), in the southwestern SA, the Zacatecas Formation (Upper Triassic, volcanoclastic low grade metamorphic rocks) in the southeastern SA, which is composed of feldspathic wacke, mudstone chert and discrete limestone lenses, accompanied by basaltic lava flows, rare dikes and hydrothermal vent-like structures, and in the Las Pilas Complex which is mainly composed of laccolithic intrusions and basaltic lava flows, interlayered with feldspathic and lithic wacke, mudstone chert and rare limestone; these units outcrop northeast of the SA, around Zacatecas City. In the case of the Las Pilas Complex, lava flows are comprised of plagioclase, clinopyroxene and rare quartz. Such as in the Zacatecas formation, the alteration developed chlorite, epidote, sericite and calcite, together with quartz and calcite http://www. 
Methodology
A groundwater sampling campaign was conducted in 91 wells (March 2013 to October 2015). Knowing that the distribution of these wells in the study area is not homogeneous, seventy-two groundwater samples were taken from Basin Fill Sediments, while the others were taken from different geology formations of Tertiary Fractured Volcanic Units. Sixty-seven are used in agricultural activities and 24 are used for human consumption. The monitoring time period was a season of the year when extraction occurs for agricultural use. This is a complete way to analyse the behaviour of groundwater because the field conditions created a homogeneous sampling of the total area extent. In field analyses temperature (T), electrical conductivity (EC) and pH were included using an isolation cell to prevent atmospheric interaction before measurements were taken and improve electrode stability was ensured. The samples were filtered (0.45 μm membrane filters) and acidified (1% v/v HNO 3 -) in the field. Analytical determinations were carried out in the Environmental Engineering Laboratory of the Autonomous University of Zacatecas. The major ions Ca 2+ , Na + , K + and Mg 2+ were analysed with atomic absorption spectrophotometry (Thermo Scientific ICE AA 3300). Chloride was determined by titration using an AgNO 3 and K 2 CrO 4 indicator. The other anions were determined using colorimetry, SO 4 2-by precipitation of BaSO 4 , N-NO 3 -with an automated cadmium reduction method, and F -by the reaction between fluoride and a zirconium-dye lake. SiO 2 was determined with the spectrophotometric method. Total alkalinity as HCO 3 -was determined by titration using H 2 SO 4 , phenolphthalein and bromophenol blue indicators. Only trace elements were analysed at Geology Institute of Autonomous University of San Luis Potosi with the same controls. Calibrations for atomic absorption spectrophotometry and automated colorimeter were performed using an appropriate dilution standard and both laboratory and international reference material were used as checks of accuracy (4 sigma). Additional control includes the ionic balance; the balance lay below ± 6 %. All of the determinations were conducted under the guidelines described in APHA-SMWW 2006 and applicable Mexican regulations as of 2015.
Data analysis
In the present study, the water quality parameters were analysed using Statistica7. The Pearson correlation coefficients were obtained, which are very useful for understanding the main hydrogeochemical processes in a groundwater system. Additionally, a PCA was performed to reduce the number of variables in a data set to a smaller number without the loss of essential information. This is a powerful technique that tries to explain the variance of a large set of intercorrelated variables and that transforms them into a smaller set of independent variables (uncorrelated). The number of components to retain in the PCA was determined by the Kaiser criterion for which only the components with Eigenvalues greater than one are retained (Li et al., 2013 analysis was performed using kriging in the Geographic Information System ArcGIS 10.0; this may be considered an optimal geostatistical approach for interpolation at unsampled locations. It is flexible and it permits the investigation of spatial autocorrelation of the variables. One of the main advantages of kriging is that it presents a possibility to estimate the interpolation error of the values and the regionalised variable when there are not initial measurements (Adhikary et al., 2010) . This tool is a local estimation technique that provides the best linear unbiased estimator of a studied unknown characteristic. Data analysis was complemented with the software AquaChem2014, which is a program, designed by Waterloo Hydrogeologic and contains a data base that is fully editable with an important set of data analysis tools for water quality. Specific functions contained in this program are; among others, the following: unit conversions, ionic balances, comparison and classification of samples, trend analysis and comparison with international standards. The integration of these tools allows for definition of a methodology to identify patterns of groundwater flow.
Results and discussions
The basic statistic for the chemical analysis and field measurements are shown in Table 1 . Some parameters such as skewness (approximately 0) and kurtosis (0-3), and very similar results in the mean and median indicate a normal distribution for a sample population. These conditions, in the case of major ions suggest a normal distribution for HCO 3 -, Ca 2+ and K + ; this was not true for the other ions and trace elements. The dispersion of data reflects the heterogeneity of the SA. (11.07 ) and N-NO 3 -(2.38). With the exception of fluoride (F -) and arsenic (As), the parameters analysed in this paper met the standard established by the WHO for human consumption. The As values ranged between 0.002 to 0.071 mg/L, with 48 of the samples exceeding the drinking water guideline value of 0.010 mg/L. Eleven of them are from wells that provide water for human consumption, there are not studies that provide information of the degree of damage to health from using this groundwater. Values above 0.010 mg/L in the east were mainly related to mining activities where the presence of sulphide was present; it can be commonly found in the form of arsenopyrite (AsFeS). However, other areas with high natural concentrations are associated with only the mineral components of the geological framework in the north, where the quaternary alluvial layer is present (Apelo, 2006) (Fig 5) .
In the case of F -, the WHO established a maximum permissible value at 1.5 mg/L. This value was exceeded in eight wells with a maximum of 2.20 mg/L. Two of these wells provide water for human consumption. While there is no evidence of health problems, there are specifically yellow spots in the teeth of the population using this water. Values above the permissible limit have occurred in the south, where there is intense agricultural activity and the use of phosphate pesticide is common practice; this situation has been occurring for the last three decades. The other zone is the northwestern area, where water with sodium characteristics exists, which is causing these values of F -, as has been reported in scientific literature (Brunt et al., 2004 ; Carrillo-Rivera et al., 2002) (Fig 6) . On the other hand, the Food and Agriculture Organization (FAO 2013) describes different characteristics to classify irrigation water. Basically, three criteria were considered: the salinity, sodicity and toxicity of specific ions. Two of the most important parameters to determine water quality for irrigation are the electrical conductivity (EC) and the Sodium Adsorption Ratio (SAR) index. With these a classification of water for irrigation following the norms of the U.S. was created at The Salinity Laboratory. The average value was 540 μS/cm for EC. Therefore, it is considered low in salts. The SAR can be related to the salinity levels (as EC) to evaluate possible problems of irrigation water. According to Figure 7 , agricultural productivity in the SA is not affected by using water for irrigation (Rhodes et al., 1992) .
Another parameter that is useful for measure the quality of water for domestic, irrigation, and industrial uses is the total hardness. Public acceptability of the degree of water hardness may vary considerably from one community to another. The threshold for calcium ions is in the range of 100-300 mg/l, depending on the associated anion, and the taste threshold for magnesium is probably lower than that for calcium. Hardness levels between 80 and 100 mg/L (as CaCO 3 ) are generally acceptable in drinking water and are considered tolerable by the consumer. In some instances, consumers tolerate water hardness in excess of 500 mg/l (Sappa et al. 
Hydrogeochemical characterization
In general, an increase in the concentrations of major ions with different patterns has been observed. In the particular case of Cl -(with mean of 15.36 mg/L) it may have two different origins. One from atmospheric inputs (rain has a Cl -concentration less than 5 mg/L) in the southern region where the groundwater Cl -concentration is less than 8 mg/L indicating a possible recharge zone (Veyna, 2014) The other was from an internal source derived from the movement of groundwater from south to northeast through the basin fill sediments. The higher value in the shallow extraction point (6 m) in the east (148.9 mg/L) could represent a discharge zone. The same singularities occurred for SO 4 2-(ranges from 2 to 360 mg/L) with a higher value in the same zone of the SA. It is the result of the interaction of groundwater with sedimentary rocks and massive sulphide deposits present in the western part of the SA. It also reflects the movement of groundwater from west to east in the central part of the SA. For the ions, Ca 2+ Mg 2+ and K + concentrations could be related to alterations of silicate. These alterations probably result from the disruption of biotite and the presence of pyroxenes originating from calcium with the release of HCO 3 -during silica hydrolysis. The minimum values are found in the south and the west of the SA, and the maximum values are located in the central and northeast zones. Silica concentrations occur almost entirely from the alteration of plagioclase and from some of the feldspars, which are associated with a considerable volume of rhyolite rocks in this area. However, often the dissolved silica is expressed as SiO 2 , in most natural waters it appears as H 4 SiO 4 . The Na + , which has a highest value of 86.6 mg/L, comes from altering plagioclase, principally albite, which is located in the northwest of the SA and possibly belongs to a different flow system. These chemicals process are exemplified in the follows reactions: a) 2CaMgSi 2 The values of N-NO 3 -concentration reflect the effects of agrochemicals used in irrigation activities; concentrations are under a maximum permissible level for human consumption (10 mg/L). The different major ions proportions (in meq/L) in the groundwater and their evolution in the different geology settings of the SA are described by the Piper diagram (Fig 8) . Groundwater chemical composition is classified in four hydrochemical faces. In the south, it is mainly Ca 2+ -HCO 3 -, the predominance of this face reflects infiltration of water in the fractured volcanic rocks that subsequently flows through the alluvial medium with interbedded limestone (granular undifferentiated); these results suggest low residence times. In the central part of the SA, there is an evolution from Mg 2+ -Ca 2+ -HCO 3 -to Mg 2+ -Ca 2+ -SO 4 2-; these phenomena are associated with the transition from acid rhyolite-tuff to andesitic; they may reflect the presence of a flow pattern with more residence times. In the northward direction, there are Ca 2+ -Na + -HCO 
Correlation of parameters
The statistical relationship between two or more variables may represent a correlation matrix. This tool can help in analysing the primary reactions that have been carried out in the water chemistry analysis (Li et al., 2013) . The Pearson's correlation coefficients were calculated with the exclusion of temperature and alkalinity using Aquachem2014. The results are presented in Some characteristics were observed: i) TDS were strongly correlated with all major ions (> 0.700), except HCO 3 -(0.548) and Na + (0.349), which indicate the constant accumulation of these ions in groundwater flow; ii) HCO 3 -had correlation coefficients less than 0.500 with Ca 2+ and Mg 2+ , which suggests low dissolution and/or precipitation of calcite and dolomite; it is reasonable to mention that these minerals are not the principal sources of these ion; iii) TH was not correlated with HCO 3 -indicating permanent hardness; iv) the correlation coefficient of Na + -Li (0.643) was indicative of a possible separate flow pattern within the groundwater movement, and the low correlation coefficient Na + -Cl -(0.163) revealed the poor influence of halite dissolution in the groundwater chemistry; v) the correlation coefficients of Cl --Ca 2+ (0.612) and Cl 
Principal Components Analysis (PCA)
The results of the PCA are shown in Table 3 . To reduce the similarity of the original variable; a varimax rotation was carried out. This is a way to understand the participation of the original variables more clearly (Elangbam et al., 2013) . These results indicate that four principal components or variable factors (VF) had eigenvalues greater than 1 and represented 70.724 % of the total variance. In VF2, the identified parameters were F -, Na + and Li, exhibiting 15.850 % of the variance; this factor was interpreted as an independent flow pattern, where the groundwater is in contact with rocks in the west of the SA with more relative movement time, probably, as part of a regional flow system towards the northeast that goes beyond the study area. Something important to mention about VF2 is the behaviour of the temperature correlation (0.427); although this parameter did not reach factorial loadings (0.500), it may be related to the possible regional flow mentioned above.
VF3 contains 14.178 % of the variance; it includes the pH and SiO 2, with a negative influence from Sr. In the case of VF4, only the HCO 3 -is a parameter with influence, indicating the process of silicate hydrolysis.
Determination of potential recharge-discharge areas
The parameters in the SA were estimated by ordinary kriging. This allowed the estimation of values in positions of interest from a linear combination of the measured values represented by spatial autocorrelations and provided information about the spatial structure of a regionalized variable. For the development of ordinary kriging equations, a linear, unbiased and minimum variance-estimation was imposed. The maps of the spatial distribution of the analysed parameters were obtained for a regular grid formed by nodes, which were separated 50 m in both the North-South and East-West directions. Interpolation of water level data measured at some wells suggests a west-northeast preferential flow; however, through this type of analysis, it is not possible to distinguish some important features, such as separate flows that could be converging within the SA. It is known that groundwater geochemistry evolution is useful for identifying flow patterns and potential recharge zones. In this assessment, the results are discussed in relation to the Chebotarev sequence that describes the geochemistry of water evolution from recharge zones to discharge zones (HCO 3 --SO 4 2 --Cl -) (Chebotarev 1955) . The Chebotarev sequence analysis suggests a south-northeast flow pattern, with relatively low residence time (sequence A), also a second flow pattern of west-east direction with a larger relative residence time (sequence B) where sulphate has substituted bicarbonate in the Chebotarev sequence. This analysis demonstrated additional evidence of a flows mixture with an interconnection to two different hydrochemical faces at the central part of the aquifer that converge in this zone with groundwater moving to the northeast (Sequence C) (Fig 9) .
The values of SO 4 2-and Cl -in Sequence B are predominantly larger than for those for Sequence A and C, this helped to identify different flow patterns as proposed in the analysis of the geostatistical results (Fig 10) . The conceptual flow patterns definition agrees with an increase of parameters concentrations from south to northeast and west to northeast, except for nitrate-nitrogen for which the highest values were found in the south, as explained above. It is clear that when considering only water level data, the definition of different flows converging in north within the SA could be missed 
Conclusions
These results show the importance of combining different tools that permit us to understand the dynamics of groundwater. The analysis shows that at some sampled points the arsenic and fluoride concentrations were above the maximum permissible levels established by the WHO for human consumption. The origins for both parameters were defined as follows: 1) anthropogenic-, mining activities for arsenic and the use of phosphate pesticides, for fluoride 2) natural-, geological setting, such as the alluvial quaternary basin that facilitates the dissolution of minerals containing arsenic and where the presence of sodium-bicarbonate water is directly related to the presence of fluoride. According to the classification by the US-Salinity Laboratory, most of the groundwater samples fell into the C2-S1 category; this indicates a medium salinity and low sodium content. A few points fell in the C1-S1 category, indicating low salinity and sodium content. However, there are four sampled points at which the results were classified in the C3-S1 category; these represents groundwater with high salinity that is not suitable for many crops. Another analysed parameter was the total hardness. The groundwater was classified from soft to moderately hard, indicating that the total hardness does not represent quality problems. . The distribution of major ions and the presence of the different faces, along with analysis of the Chebotarev sequence, allowed the identification of correlations coefficient, and PCA suggested that the composition and movement of groundwater were influenced by the interaction of water and the rocks in diverse geological conditions.
Three groundwater flow patterns were identified. The first one moved from south to north, which was dissected by a second flow pattern crossing from west to east. There was a third flow pattern from the northwest to northeast that could be a regional flow system with movement beyond the SA. In future work, the use of analytic techniques, such as isotopic hydrology should be considered for identifying the origin of recharge in the different identified flow patterns.
